Diafenthiuron is an effective insecticide used for pest management in cardamom. Residues of diafenthiuron and its degradation/dissipation pattern in cardamom were determined to work out safe waiting period. Samples were collected after three sprays of diafenthiuron @ 400 and 800 g a.i ha −1 and the residues extracted in acetonitrile and quantified in normal phase HPLC in UV detector. Diafenthiuron was detected in 6.61 ± 0.1 min. The limits of detection (LOD) and limits of quantification (LOQ) were determined to be 0.01 and 0.05 gmL −1 . The initial deposits were found to be 3.82 and 4.10 g g −1 after sprays of diafenthiuron @ 400 g a.i ha −1 in the first and second experiments, respectively. Nearly cent percent of residues dissipated at 10 days after treatment in the recommended dose of diafenthiuron 400 g a.i ha −1 and the half life varied from 2.0 to 2.8 days with a waiting period of 5.5 to 6.7 days in green capsules of cardamom. The waiting period was 5.4 to 7.0 days in cured capsules of cardamom. With harvest being the focal point for enforcement of residue tolerances, the suggested waiting period of seven days is safe without the problem of pesticide residues in harvestable produce.
Introduction
The pesticide use pattern in the present day situations has led to pesticide residues in the harvestable produce, resistance build-up by pests, and eradication of nontargets which demands newer and safer pesticides with different modes of action. Diafenthiuron (1-tert-butyl-3-(2,6-diisopropyl thiourea)) is one such new insecticide, which is the only nonorganofluorine benzyl urea compound having novel insecticide/acaricide activity acting selectively on group of insects and mites [1] by inhibiting or enhancing biochemical sites such as respiration [2] . Diafenthiuron is reported to be effective against whiteflies and leaf hoppers in brinjal [3, 4] , whiteflies, aphids and thrips in tomato [5] [6] [7] , thrips and mitesin chilies and tea [8, 9] , and all sucking pests in cotton [10, 11] . Diafenthiuron is effective against diamondback moth (DBM) [12, 13] , shoot and capsule borer, and thrips in cardamom [14] and it is gaining momentum now in cardamom plantations. Cardamom is an important spice crop grown all over the world and one of the important products fetching enormous foreign exchange. With the strict legislations enforced by the EPA, cardamom capsules with pesticide residues have a chance of being rejected by the hitherto importing countries, which in turn would have a major say in foreign revenues. Since diafenthiuron is effective against the pests of cardamom, knowledge on the residue in the economic produce, dissipation pattern, and waiting period are necessary for its proper use.
Diafenthiuron is a biologically inactive proinsecticide which needs transformation into active carbodiimide derivative. In field conditions, it is photochemically transformed to 3-(2,6-di isopropyl-4-phenoxyphenyl)-1-tert-butyl carbodiimide (DFCD), which is considered to be the agent responsible for the biological activity [15, 16] (see Figure  1 ). Direct photolysis by sunlight is the major degradation pathway of diafenthiuron [18] which is enhanced in humic acid water and aqueous acetone solutions [19] . Diafenthiuron behaves differently in plants as it exhibits strong translaminar and vapour activity. Diafenthiuron is reported to rapidly distribute into cuticular layer with a small portion persisting on the surface as dislodgeable residues. Keum et al. [19] extracted the dislodgeable residue of diafenthiuron by washing the leaves with Tween 80, Dichloromethane (DCM), and then with methanol, partitioned with DCM and transferred into methanol to analyze in HPLC. In plant materials, diafenthiuron was analysed by extracting it in acetonitrile, partitioned with hexane and analysed in HPLC [19] .
Diafenthiuron was reported to have faster degradation in Chinese cabbage which was fitted in first order kinetics [20] . Different rates of degradation of diafenthiuron were reported in cotton [15] . Diafenthiuron is not approved by Central Insecticide Board Registration Committee, India (CIB&RC), for spray in brinjal in view of long waiting period of 10 days but approved for use in cardamom and subjected for fixing of tolerance limits [21] . Thus the present study is undertaken with the objective of detecting the harvest time residues and dissipation behaviour of diafenthiuron in fresh and cured cardamom capsules.
Experimental

Chemicals and Reagents.
All the solvents were of analytical grade obtained from Merck, India. Diafenthiuron technical (93.5% purity) obtained from M/s Syngenta India Limited and formulation (diafenthiuron 50 WP) obtained from Krishi Rasayan Exports Private Limited were used in the study. The reference standard of diafenthiuron (93.5% purity) was made to 100 percent by transferring 1.07 g of the reference standard into a 100 mL volumetric flask which is then dissolved with distilled acetone : n-hexane (0.5 : 9.5) and then volume was made up to 100 mL. Then the flask was shaken well to get a homogenous solution of 1000 g mL −1 (stock solution). This solution was diluted to respective concentrations for fortification studies. Formulation was used in field trials after dilution in tap water (pH 7.2-7.5). For extraction of diafenthiuron, HPLC grade tertiary butyl methyl ether from J.T. Baker, USA, and anhydrous potassium carbonate from sdfine Chem Limited, Mumbai, were used.
Preparation of Standard Solutions.
The solution for standard preparation, acetone : n-hexane (0.5 : 9.5) v/v, was prepared by adding 5 mL of acetone and 95 mL of n-hexane. Likewise, mobile phase of HPLC, n-hexane, and tertiary butyl methyl ether (65 : 35) v/v was prepared by adding 65 mL of nhexane and 35 mL of tertiary butyl methyl ether. The cleanup solution of 4 : 1 n-hexane and tertiary butyl methyl ether was prepared by adding 40 mL of n-hexane and 10 mL of tertiary butyl methyl ether. 
Sampling and Analytical Sample Preparation.
Matured and uniform sized capsules were collected at random at the time of harvest and at 0 (1 h), 1, 3, 7, 15, 21, and 30 days after treatment with the help of forceps for determination of harvest time residues and dissipation after the third spray on cardamom. The interval between the last spray and the first harvest was 14 days in the first experiment and 17 days in the second experiment. From each plot, 150 g of green capsules was collected and, from this, a subsample of 25 g green capsules in duplicate was taken for fresh sample analysis and transferred immediately into the sample container with acetonitrile in the field itself. The remaining sample of 100 g was divided into two and was cured under conventional curing chamber with a maximum temperature of 60-65 ∘ C maintained for 24 h and used as cured samples for residue analysis. Thus a total of six samples were taken for analysis per treatment separately for green and cured capsules. The weights of the samples before and after curing were recorded from each plot in each sampling day to work out the residues on moisture free basis and curing loss.
Extraction
Cardamom Capsules .
Extraction mixture was prepared with 0.8% potassium carbonate and acetonitrile (1 : 4) v/v by adding 25 mL of potassium carbonate and 100 mL of acetonitrile. Twenty five grams of cardamom was macerated with 125 mL of extraction mixture by using homogenizer for 2 min. The acetonitrile and potassium carbonate solution was filtered through Whatman number 42 filter paper in a Buchner funnel with mild vacuum suction. The process was repeated twice with 25 mL of acetonitrile. The combined extract was evaporated and volume reduced up to 10 mL by using rotary flash vacuum evaporator (below 40 ∘ C).
Soil.
The field soil samples collected at the time of collection of harvest time residues of capsules in both the experiments were air dried, grounded, and sieved through 100 mm mesh. 25 g of dry soil was placed into a 500 mL Erlenmeyer flask and 100 mL acetonitrile and 25 mL (0.8%) potassium carbonate solution was added. The flask was kept as such for 30 minutes with intermittent shakings. The contents were filtered by suction through Whatman number 42 filter paper in a Buchner funnel with mild vacuum. The soil cake was again mixed and stirred with 25 mL acetonitrile. The combined extract was reduced to 10 mL in rotary flask vacuum evaporator.
Cleanup Procedure.
The concentrated extract (10 mL) was taken in a 250 mL separating funnel. To this 35 mL distilled water, two mL saturated sodium chloride, and five mL cleanup solution (as given in Section 2.2) were added, shaken well, and allowed to separate the two layers. Organic layer was collected and evaporated to dryness; the residue was dissolved in 10 mL of the HPLC grade n-hexane : tertiary butyl methyl ether (4 : 1) mixture and analyzed using HPLC in UV detector.
Chromatographic
Conditions. The quantification of residues was done using High Performance Liquid Chromatography (HPLC-Hitachi Model L 6200) equipped with normal phase column of Si-10 (Micropak) of 30 cm × 4 mm dimension. HPLC grade n-hexane and tertiary butyl methyl ether 65 : 35 were used as mobile phase with a flow rate of 0.5 mL min −1 [22] . Injection was done with a rheodyne loop injector with a volume of 20 L and detected in L 4200 UV detector at a wavelength of 256 nm. The amount of diafenthiuron in the sample was calculated according to the equation based on the ratio of the peak areas of the standard and sample as follows:
where is the peak height of the sample, std is the peak height of the standard, std is the weight of the standard injected in ng, is the weight of the sample in g, is the volume of the sample (final extract) in mL, and sj is the Aliquot of the sample injected in L.
Method Validation and Recovery Studies.
The parameters accuracy, precision, linearity, and limits of detection (LOD) and quantification (LOQ) were considered for method validation. For linearity test, different known concentrations of diafenthiuron (0.25, 0.5, 1.0, and 1.5 g mL −1 ) were prepared in distilled acetone: n-hexane (0.5 : 9.5) v/v by diluting the stock solution. Peak areas of each standard solution were measured after injecting in HPLC and a calibration curve plotted with concentration of standards versus area of the respective peaks obtained. The accuracy of the method was determined by recovery tests, using fresh cardamom capsule and soil sample (25 g) taken from organically grown plantation. To work out the recovery percent of the analytical methodology, different known concentrations (0.10, 0.25, 0.50, and 1.0 g g −1 ) of diafenthiuron were made by adding required quantity from 10 g g −1 standard solution in cardamom capsule. Each concentration was taken in three replications. Samples were equilibrated for 1 h prior to extraction and subsequently taken through the extraction and cleanup procedures described above. The limit of detection (LOD, g mL −1 ) was determined as the lowest concentration giving a response of three times the baseline noise defined from the analysis of control (untreated) sample. The limit of quantification (LOQ, g mL −1 ) was determined as the lowest concentration of diafenthiuron giving a response of 10 times the baseline noise [23] . 
Results and Discussion
Detection and Quantification Limits.
The limit of quantification was determined to be 0.05 g mL −1 . The limit of quantification of the analytical method in cardamom capsules was 0.05 g g −1 considering 25 g weight samples for extraction and 5 mL of sample extract. The limit of detection was determined to be 0.01 g mL −1 at a level of approximately three times the background noise of control injection around the retention time of the peak of interest. The minimum detection limit (sensitivity) of the instrument was 0.25 g g −1 . recovery percentages for both green and cured capsules are well below 3% and thus the repeatability of the method is quite good. The mean recovery was 60.43 and 60.70 for green and cured capsules, respectively. The mean percent recovery of 60.6 was obtained in the present study on residue analysis of diafenthiuron, which is much lower than that of the expected recovery of more than 80 percent which is normally used for validation of residue protocols. It is presumed that the low recovery is due to the conversion of diafenthiuron into its metabolites, namely, N-[2,6-bis(1-methylethyl)-4-phenoxyphenyl]-N -(1,1-dimethylethyl)urea and N-[2,6-bis(1-methylethyl)-4-phenoxyphenyl]-N -(1,1-dimethylethyl)carbodiimide [24] , for which standards are not available. Thus the residue data obtained in the present study is only for the parent compound and hence weightage was given by multiplying the residues obtained with the recovery factor, 1.65, to get the actual quantum of residue.
Precision
Harvest Time Residues in Cardamom Capsules.
The residues of diafenthiuron in harvested capsules of cardamom both green and cured were below detectable limit at the time of first harvest after third spray. Residues of diafenthiuron in the soil samples on 14 and 17 days after application of diafenthiuron on cardamom, that is, at the time of harvest, were found below detectable limit (BDL). in first and second field trials, respectively. The deposit was as high as 6.61 to 7.32 g g −1 at the higher dose of diafenthiuron (800 g a.i ha −1 ) (Tables 1 and 2 ). The residues dissipated to below detectable level (BDL) at 15 DAT in both the concentrations evaluated in two seasons. The extent of reduction in diafenthiuron residues at one DAT was 14 for cabbage whereas 20 g g −1 for tea [25] . Since the suggested MRL is of very wide range from 0.3 g g −1 to 20 g g −1 , the tentative MRL value of 0.5 g g −1 for bell pepper used by Syngenta India Ltd was used for arriving waiting periods in cardamom in the present study. The waiting period worked out was 5.50 to 6.69 days for diafenthiuron @ 400 g a.i ha −1 and 11.33 to 11.40 days at 800 g a.i ha −1 .
Residues in Green Capsules
Residues in Cured Capsules of Cardamom, Half Life, and Waiting
Period. The extent of dissipation of residues at one DAT was 22.33 to 24.19 and 19.07 to 21.07 percent in diafenthiuron @ 400 g a.i ha −1 and 800 g a.i ha −1 , respectively. The percent dissipation was more than 95 percent in diafenthiuron @ 400 g a.i ha −1 at 10 DAT and the residues dissipated to BDL in 15 DAT. The half life was 1.78 days for diafenthiuron @ 400 g a.i ha −1 in both the trials and 1.59 to 3.02 for diafenthiuron @ 800 g a.i ha −1 . The waiting period worked out was 5.39 to 7.01 days for diafenthiuron @ 400 g a.i ha −1 . The correlation coefficients ( ) of the calibration curves derived for dissipation of diafenthiuron in cured capsules are above 0.9, which shows best fit (Tables 1 and 2 ).
Residues of Diafenthiuron Estimated in Moisture Free
Basis. The initial deposit of diafenthiuron residues worked out on moisture free basis was 13.84 and 14.83 g g diafenthiuron @ 800 g a.i ha −1 in the first and second field trials, respectively. The residues detected in cured capsules were slightly high when compared to green capsules. But low level of quinalphos residues was reported earlier in cured capsules than green capsules [26] . Though there will be loss Chromatography Research International of residues in curing process (steaming and garbling), the reduction in weight should also be taken into account. The moisture content in green cardamom is about 70 percent. So when the capsules are dried/cured, the residues present in 25 g of green cardamom sample will get concentrated in about 7 g of cured capsules. The dissipation of diafenthiuron is slower than the moisture loss during curing. Thus the higher residues of diafenthiuron in cured capsules than green capsules obtained in the present study might be due to the moisture loss and high reduction in weight during curing.
The dissipation pattern of diafenthiuron in cardamom green and cured samples is shown in Figures 3 and 4 . The dissipation rate was much faster in the present study which is in line with the reports of Keum et al. [19] stating very high rate of degradation in Chinese cabbage. The waiting period ( MRL ) for diafenthiuron was arrived at 5.50-6.69 days in green and 7.01-7.13 days in cured capsules at the recommended dose of 0.08 percent. This is lower than the reports made for profenofos 0.05 percent on green (11.76 days) and cured capsules (10.82 days) [27] . The waiting period of lambda cyhalothrin (80 ppm) in cardamom was reported as 8.8 to 10.9 days [28] . The waiting period was reported to be seven days in green capsules of cardamom for diafenthiuron sprayed at 600 g a.i ha −1 [22] . As mentioned earlier, diafenthiuron is not approved by Central Insecticide Board and Registration Committee (CIB&RC) for spray in brinjal in view of long waiting period of 10 days but approved for use in cardamom and subjected for fixing of tolerance limits [21] . Picking of cardamom capsules is carried out at an interval of 20-30 days. As harvest being the focal point for enforcement of residue tolerances, the suggested waiting period of seven days is safe enough to contain the cardamom pests with diafenthiuron without the problem of pesticide residues in harvestable produce.
In conclusion, it is clear that diafenthiuron dissipated to a level below detectable by seven days after spraying. Usually cardamom capsules are harvested at an interval of 20-30 days. So spraying of diafenthiuron does not possess any risk of residues in the harvestable produce if sprayed at least seven days before harvesting.
